The coseismic slip and geometry of the March 15, 1979, Homestead Valley, California, earthquake sequence are well constrained by precise hofizontal and vertical geodetic observations and by data from a dense local seismic network. These observations indicate 0.52 _ 0.10 m of fight-lateral slip and 0.17 _ 0.04 m of reverse slip on a bufied vertical 6-km-long and 5-km-deep fault and yield a mean static stress drop of 7.2 _ 1.3 MPa. The largest shock had Ms = 5.6. Observations of the ground rupture revealed up to 0.1 m of fight-lateral slip on two mapped faults that are subparallel to the modeled seismic slip plane. In the 1.9 years since the earthquakes, geodetic network displacements indicate that an additional 60 _ 10 mm of postseismic creep took place. The rate of postseismic shear strain (0.53 _ 0.13 Ixrad/yr) measured within a 30 x 30-km network centered on the pfincipal events was anomalously high compared to its preearthquake value and the postseismic rate in the adjacent network. This transient cannot be explained by postseismic slip on the seismic fault but rather indicates that broadscale release of strain followed the earthquake sequence. We have calculated the postearthquake stress field caused by the modeled coseismic slip. We assume that failure is promoted when the sum of the shear stress plus 0.75 times the fault-opening stress increases. Most aftershocks concentrate at points where the stresses are enhanced by 0.3 MPa (3 bars) or more; aftershocks are nearly absent where postearthquake stresses decrease by 0.3-0.5 MPa. Isolated off-fault clusters of aftershocks that locate at one fault length from the rupture plane are explainable by this hypothesis. We find that ground rupture and postseismic creep take place where near-surface stresses are calculated to increase within the preexisting fault zones. Two patches that extend 4 km from both ends of the seismic fault exhibited neither aftershocks nor measurable postseismic creep. The sensitivity of aftershocks and ground rupture to changes in stress that are less than 5% of the earthquake stress drop demonstrates that the region around the earthquakes was within a few percent of its failure threshold before the main shocks. The preearthquake stress field and the stress required for failure must also have been nearly uniform.
1 year before the earthquake and within 1 month following the event by first-order class I double-run leveling (the standards are specified by the Federal Geodetic Control Committee [1980] ) along MAIN are presented in Figure 3b . To isolate the displacements presumed to have been caused by the earthquake, the elevations of the end-point bench marks (BM's) are held fixed in Figure 3c . This represents a large and uncertain adjustment to the observed data, amounting to the removal of 0.63-1xrad tilt from the line. The elevation changes can be compared to gravity changes for an independent evaluation of this assumption. During each survey, relative gravity with respect to BM D was measured at each site along two closed circuits with sets of three or more gravimeters. Standard deviations are about 10-7 m s-2 (10 IxGal). Jachens et al. [1983] found that elevation and gravity changes were correlated for three regions in southern California; a scale factor of -5 x 105 m/m s -2 ( -5 mm/IxGal) provided the best fit. While there is a tendency for positive elevation changes to be associated with negative gravity changes in Figure   6 , no consistent scale factor will fit the data. The absence of a correlation in the Homestead area leaves uncertain the proper interpretation of the long baseline tilts in the leveling data; they may reflect unassessed error. The earthquake displacements were modeled by edge and screw dislocations in an elastic half space, following Mansinha and Smylie [ 1971 ] . Because the four main shocks appear coplanar and share a similar nodal plane orientation, we treated the main shocks as producing slip on one fault surface. We chose a rectangular model fault that passes through the four main shock hypocenters. This leaves the slip vector and the upper and lower edge of the fault plane to be modeled. Trial-and-error modeling to fit the coseismic leveling data from MAIN and CROSS re- Since the fault length is delineated by the four coplanar main shocks and the leveling data, and the fault depth is approximately constrained by the deepest aftershocks to be 5 km, the agreement between geodetic and seismic moments means that our estimate of u should be accurate to about 25%. amount. Second, we model the postseismic trilateration and leveling observations to identify sites of postseismic fault slip. From this we find that the faults which displayed earthquake ground rupture underwent continued near-surface creep and also that widespread shear strain developed over a broad area within the Homestead network. We argue that the broadscale shear could not have resulted from continued slip on the seismic fault plane.
Postearthquake stresses. To test whether the distinct pattern of aftershocks was caused by the stresses imposed by the earthquake fault slip, we calculate the Coulomb fracture criterion and map the postearthquake stress changes around the rupture zone. We seek the shear and normal stress acting on vertical planes that are oriented parallel to the strike of the modeled coseismic slip plane. The condition of plane stress requires that E kilometer or more, giving rise to sti• slip behavior and aftershocks. We reach the general conclusion that the good correlation between postearthquake stress changes, aftershocks, and ground rupture means that the preearthquake stress level must have been nearly uniform and close to the failure threshold over a broad area. It is, however, remarkable that beyond the north end of the fault, neither surface nor seismic rupture took place. Here the Homestead Valley fault is colinear with the trend formed by the main shocks; predicted Coulomb stresses increase up to 1.2 MPa. We experimented with coseismic models in which the slip tapered at the ends, but this did not remove the zones of elevated stress beyond the fault ends. The absence of aftershocks and ground rupture may be explained by a preearthquake stress level about 1 MPa lower than the surrounding region or by rocks that are stronger than those elsewhere in the region. What we can state is that the regions beyond the fault ends produced neither earthquakes nor fault slip during or following the main shock sequence. The preearthquake stress could have been reduced by 1 MPa if the 4-to 5-km-long segments beyond the fault ends had sustained displacements in the past, although no earthquake of Table 2 . The deviations in the fault parameters in Table 2 changes and aftershocks over most of the region within about four fault lengths of the rupture zone requires that the preearthquake stress field was nearly uniform. The limited preseismic geodetic observations suggest that strain changes were not concentrated at the future epicentral area. Ground rupture and creep. The coseismic surface offset represents less than 20% of the modeled buried fault slip; postseismic creep from the surface to depths of 1-2 km contributes an additional..!0%. We infer from this result that surface offsets may provide poor guides to earthquake slip. The surface slip deficit is probably distributed at the surface over a wide zone. The location of ground breakage at Homestead Valley appears primarily limited to segments of fault zones where postearthquake stresses are favorably oriented; the surface faults do not necessarily merge into the seismic slip plane at depth.
Characteristics of the fault ends. We find that neither seismic nor aseismic slip greater than 20 mm took place beyond the ends of the seismic fault plane after the earthquakes sequence. The unslipped patches extend for one fault length (4-5 km) at both fault ends. However, aftershocks and possibly up to 100 mm of postseismic crustal creep Occurred distal to the unslipped patches. We calculate that the unslipped regions were subject to static stress increases of at least 1.0-2.5 MPa. To sustain these stresses without producing aft&rshoi:ks, the regions must have attained preearthquake stress levels 1.0-2.5 MPa lower than the surrounding region, or they must be stronger than the adjacent rocks.
